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, The spectrum was narrower for strain VI.14, with growth at pH 7.0-8.0. and in the presence of 30-50 g NaCl l "1 and 30-70 g sea salts l "1 . The predominant fatty acid (.50 %) in both strains was iso-C 15 : 0 , and the major respiratory quinone was MK-6. The DNA G+C content was 30.7 and 31.1 mol% for VIII.04 T and VI.14, respectively. Results from 16S rRNA sequence similarity and phylogenetic analyses indicated that both strains are closely related to members of the family Flavobacteriaceae within the phylum Bacteroidetes, with as much as 91.7 % 16S rRNA sequence similarity. On the basis of data from the polyphasic analysis, we suggest that the strains represent a novel species in a new genus within the family Flavobacteriaceae, for which the name Aureivirga marina gen. nov., sp. nov. is proposed. Strain VIII.04 T (5ATCC BAA-2394 T 5LMG 26721 T ) is the type strain of Aureivirga marina.
Marine sponges are hosts to diverse and highly unique bacterial communities. Most of this diversity is yet to be cultured (Taylor et al., 2007; Simister et al., 2012) . Here we report the isolation of a new member of the family Flavobacteriaceae (phylum Bacteroidetes) from the Mediterranean sponge Axinella verrucosa, which showed low levels of 16S rRNA similarity to other family members with validly published names.
For isolation of associated bacteria, A. verrucosa samples were collected in the Mediterranean Sea off Sdot Yam, Israel, by scuba diving at 30 m depth. The samples were washed three times with sterile artificial seawater and a 1 cm 3 cube of each sponge specimen was crushed in 9 ml sterile artificial seawater with sterile mortar and pestle. The liquid part was used for plating a dilution series on various media. Isolates from each medium were grouped by morphology and subject to RFLP analysis of their 16S rRNA. The 16S rRNA of a representative of each RFLP-morphotype group was sequenced for identification. Strains VI.14 and VIII.04 T , representing three and two isolates, respectively, were obtained and subcultivated on marine agar 2216 (MA; Becton Dickinson) plates incubated at room temperature (20-25 u C). The isolates originated from different A. verrucosa specimens. Both isolates were maintained at 280 uC in marine broth (MB) supplemented with 17 % (v/v) glycerol.
Genomic DNA of the strains was obtained by transferring part of a single colony to 30 ml Tris-EDTA buffer (10 mM Tris/HCl, 1 mM EDTA, pH 8.0) in a 1.5 ml Eppendorf tube and lysing the cells by three cycles of freezing at 280 u C for 1 h followed by heating to 95 u C for 10 min. A total of 1 ml of this mix was added to a 0.2 ml tube containing 2.5 ml 106 PCR buffer, 2.0 ml of a solution with 2.5 mM of each dNTP, 0.25 ml of 100 mM solutions of each primer (63f and 1387r) (Marchesi et al., 1998) , 0.2 ml Dream Taq polymerase (5 U ml 21 ; Fermentas) and 19.8 ml molecular grade water. The PCR protocol consisted of 3 min at 94 u C, 30 cycles of 1 min at 94 u C, 1 min 20 sec at 54 u C, 2 min at 72 u C; followed by 5 min at 72 u C. The PCR product was purified with the Nucleospin kit (Macherey-Nagel) following the manufacturer's instructions. Both strands were sequenced at the Sequencing Unit of the Inter-Departmental Research Facility of Tel Aviv University using the BigDye Terminator Cycle Sequencing kit (Applied Biosystems) and an ABI PRISM 3100 Genetic Analyzer. Obtained raw sequence data were visualized and manually edited using the 4Peaks software version 1.7.2 (A. Griekspoor and T. Groothuis, available at http://www. mekentosj.com/). The sequences were compared with sequences of described type strains using the EzTaxon-e server . Related sequences from type strains were downloaded from the EMBL database and aligned using infernal (Nawrocki et al., 2009) as implemented in the ribosomal database project release 10 (Cole et al., 2009) . The alignment was manually improved and both ends of the alignments were adjusted to start at conserved positions at the length of the 16S rRNA sequence of the strains VI.14 and VIII.04
T . Ambiguously aligned positions were identified and removed by Gblock version 0.91b (Castresana, 2000) run on the Phylogeny.fr platform (Dereeper et al., 2008) using the default settings, but allowing gaps in the final blocks if present in less than 50 % of the sequences. The resulting alignment contained 1266 positions and was used for phylogenetic analysis using maximum-likelihood, maximum-parsimony and neighbour-joining methods. Based on both the Akaike information criterion and the hierarchical likelihood ratio test in Modeltest 3.7 (Posada & Crandall, 1998) , as implemented in PAUP*4.0b (Swofford, 2003) , the best nucleotide substitution model for the maximum-likelihood analysis was the general time-reversible (GTR) substitution model with a proportion of invariable sites (+I) and a gammadistributed variation of substitution rates among sites (+G). The maximum-likelihood tree was generated with PhyML 3.0 (Guindon et al., 2010) starting from a neighbourjoining tree and using NNI and SPR for tree optimization. PhyML 3.0 estimated all model parameters and robustness of the obtained phylogeny was assessed by 1000 bootstrap replicates. The phylogenetic analyses using maximumparsimony and neighbour-joining methods were performed with MEGA5 (Tamura et al., 2011) . The maximum-parsimony tree was obtained using the close-neighbour-interchange algorithm with search level 3. Alignment positions containing gaps and missing data were eliminated. The initial trees were obtained by random addition of sequences (10 replicates). In the neighbour-joining analysis, distances between sequences were based on the Kimura two-parameter model of sequence evolution with pairwise deletion of ambiguous positions. Robustness of trees was tested using 1000 bootstraps replicates in both analyses.
The two strains were highly similar in their 16S rRNA sequence, sharing 1300 of 1313 compared base pairs (99 %). DNA-DNA hybridization was performed as previously described by Romano et al. (2007) and Poli et al. (2011) . By using strain VIII.04
T as probe a 78 % DNA-DNA relatedness between the two strains was calculated. This indicates that the two strains belong to the same species according to the recommendation of Wayne et al. (1987) , who defined a threshold value of 70 % for a bacterial species. The two strains showed low 16S rRNA nucleotide similarity to previously described species. Members of the family Flavobacteriaceae (phylum Bacteroidetes), especially of cluster 3 described by Ludwig et al. (2010) and subsequently described species of this cluster, showed the highest 16S rRNA nucleotide similarity. The most similar species were Namhaeicola litoreus DPG-25 T (Jung et al., 2012) T (Yang et al., 2007) (90.7 %) and Maritimimonas rapanae A31
T ) (90.6 %). In the three phylogenetic analyses strains VI.14 and VIII.04
T always fell into a clade with the genera Actibacter, Aestuariicola, Lutimonas and Namhaeicola (Figs 1, S1 and S2 available in IJSEM Online). Within this clade, VI.14 and VIII.04
T always grouped together (bootstrap support 100 % in all analysis) and outside of the highly supported clade containing the other four genera (bootstrap values ¢90 % in all three analyses). The phylogenetic analyses and low 16S rRNA nucleotide similarities to genera with validly published names indicated that VI.14 and VIII.04
T are members of a novel genus within the family Flavobacteriaceae.
Phenotypic and chemotaxonomic characterizations were performed following the minimal standards for the description of novel Flavobacteriaceae by Bernardet et al. (2002) . Cellular morphologies of strains grown on MA were examined by light microscopy (Axioskop, Zeiss). Gram staining was performed with standard staining solutions. In addition, cell lysis with 3 % KOH and the presence of amino-peptidase using a L-alanine-p-nitroanilide solution as substrate were examined. Congo red adsorption and presence of flexirubin-like pigments were determined according to Bernardet et al. (2002) . Motility of MB cultures incubated for two days at 25 u C was observed using both wet mounts and the hanging drop technique. Anaerobic growth on MA was examined by two weeks incubation at 25 u C in a sealed chamber with the GazPak EZ anaerobe container system (Becton Dickinson). pH range (5-10, increments of 1 pH unit) was examined on MA adjusted with NaOH and HCl solutions at 25 uC. NaCl and sea salt (Reef Salt; Aqua medic) requirements at 0-10 % (w/v) with 1 % increments was tested at 25 u C on saltless MA (5 g peptone l
21
, 1 g yeast extract l
, 18 g agar l 21 , pH 7.5) supplemented with NaCl or sea salts. Growth at 4, 10, 15, 20, 25, 30, 35, 37 and 40 u C was determined on MA. All growth assays (pH range, NaCl and sea salts requirement, temperature) were incubated for seven days. Growth inhibition by penicillin G, chloramphenicol, streptomycin sulfate, tetracycline, ampicillin, kanamycin A and nalidixic acid and their minimal inhibitory concentrations were determined in MB in 96-well plates at an antibiotic concentration range of 0.2-200 mg ml 21 obtained by a twofold dilutions series and using changes in OD 620 after 24 and 48 h incubation at 25 uC as growth indicator following the protocol detailed in Kelman et al. (2001) . Presence of cytochrome oxidase was tested with Bactident oxidase test strips (Merck) following the manufacturer's instructions and using Pseudomonas aeruginosa strain PAO1 as well as Bacillus subtilis as positive controls and Escherichia coli strain GM1655 as a negative control. The presence of catalase activity was tested by submerging a loop of cells obtained from colonies grown for 24 h on MA into a 3 % hydrogen peroxide solution and observing bubble formation. Further enzymic activities were determined using the API ZYM (in duplicates) and API 20NE kits (in triplicate) (bioMérieux) following the manufacturer's instructions except that sterile 3 % NaCl solution was used for the API ZYM test Lutibacter maritimus S7-2 T (FJ598048)
Lutibacter aestuarii MA-My1 T (HM234096)
Lutibacter litoralis CL-TF09 T (AY962293)
Namhaeicola litoreus DGP-25 T (JN033800)
Aureivirga marina VIII.04 T (JN699064)
Aureivirga marina VI.14 (JN699219)
Actibacter sediminis JC2129 T (EF670651)

Lutimonas vermicola IMCC161 T (EF108218)
Aestuariicola saemankumensis SMK-142 T (EU239499)
Maritimimonas rapanae A31 T (EU290161)
Polaribacter gangjinensis K17-16 T (FJ425213) 21 and 20 g agar l 21 and incubated for 2 weeks at 25 u C. Negative controls without carbon source and positive controls (MA) were run in parallel. Hydrolysis of crystalline cellulose was tested by submerging filter paper in MB cultures for two weeks. Hydrolysis of starch (0.2 %, w/v) and casein (10 %, w/v) was tested by incorporation in MA and observing the occurrence of halo zones around the colonies. For detection of starch hydrolysis the culture plates were additionally flooded with Lugol's solution (stabilized iodine).
Slight differences between strains VI.14 and VIII.04
T were observed in growth experiments and antibiotic susceptibility tests. Growth was observed at sea salt concentrations of 2-8 % (VIII.04 T ) and 3-7 % (VI.14), at NaCl concentrations of 2-5 % (VIII.04 T ) and 3-5 % (VI.14), at pH 6-9 (VIII.04 T ) and 7-8 (VI.14). Minimal inhibitory concentrations of antibiotics after 48 h incubation were 0.8 and 0.2 mg penicillin G ml 21 , 12.5 mg chloramphenicol ml 21 , 100 and 50 mg streptomycin sulfate ml 21 , 6.3 mg tetracycline ml 21 , 6.3 and 1.6 mg ampicillin ml 21 , 25 mg nalidixic acid ml 21 and .200 and 200 mg kanamycin A ml 21 for VIII.04 T and VI.14, respectively. All other growth and phenotypic characteristics were the same for both strains. Crystalline cellulose was not hydrolysed by VI.14 and VIII.04 T , an inability confirmed for most members of the family Flavobacteriaceae and a distinguishing characteristic to the genus Cytophaga (Bernardet et al., 2002) . The major phenotypic differences of VI.14 and VIII.04 T from the phylogenetically closest genera (Actibacter, Aestuariicola, Lutimonas and Namhaeicola) are the ability to hydrolyse casein and reduce nitrate and the inability to hydrolyse starch (Table 1 ). The activity of esterase lipase (C8) detected by the API ZYM kit seemed to be another characteristic difference, but Actibacter sediminis and Lutimonas vermicola appear to be variable in this enzymic activity (Table S1 ). Further differences between VI.14, VIII.04 T and their phylogenetically closest relatives are shown in Table 1. Table S1 gives an extended phenotypic comparison including the phylogenetic more distantly related Tenacibaculum crassostreae JO-1 T (Lee et al., 2009) , 'Marinitalea sucinacia' JC2131 (Kim et al., 2011) and Maritimimonas rapanae A31 T ) and the complete API ZYM profiles. The full phenotypic characteristics of VI.14 and VIII.04
T are given in the genus and species description.
Chemotaxonomic characteristics were determined from cultures grown in MB at 25 u C. Cells for DNA G+C content (mol%) analysis were grown for 20 h, cells for analysis of cellular fatty acids content, polar lipids and major respiratory quinones for 48 h. Cells were harvested by centrifugation, frozen at 280 u C and either sent frozen or freeze-dried to the Consiglio Nazionale delle Ricerche (CNR) institute in Pozzuoli, Italy, for analysis. Fatty acid methyl esters (FAMEs) were prepared according to the instructions of the Microbial Identification System (MIDI, 1999) and analysed by GC/MS Polaris Q (Thermo). Identification of FAMEs was obtained by comparison with standards and by interpretation of mass spectra. Analysis of polar lipids was performed according to Romano et al. (2001) . Polar lipids were extracted from 0.6 g freeze-dried bacterial cells by chloroform : methanol : water 65 : 25 : 4, by vol. (26100 ml). They were analysed by TLC eluted with chloroform : methanol : water [65 : 25 : 4, by vol.] and visualized by Dittmer reagent, ninhydrin and a-naphthol. Quinone purification was performed by extracting 1 g freeze-dried bacterial cells twice with hexane. The filtered extracts were combined and concentrated under reduced pressure. The crude extract (2 mg) was purified on silica 
gel (230-400 mesh; Merck) eluting with 98 : 2 hexane : ethylacetate. The UV-visible fractions were pooled, concentrated under reduced pressure and analysed by LC-MS on an ESI-Q-TOF Micromass (Waters) spectrometer on a reverse-phase C-18 column, eluting with methanol at 1.2 ml min
21
. Genomic DNA G+C content (mol%) was determined as previously described by Poli et al. (2009) .
All cellular fatty acids detected were found in both strains, VI.14 and VIII.04 T . Their main cellular fatty acid (.50 %) is iso-C 15 : 0 , which is also the main cellular fatty acid in the most closely related genera, albeit at lower relative abundance (16.5-34.3 %). The complete absence of hydroxylated fatty acids (especially of iso-C 17 : 0 3-OH) and anteiso-C 15 : 0 as well as relatively higher amounts of iso-C 17 : 1 v9c and iso-C 17 : 0 distinguishes strains VI.14 and VIII.04
T from their closest relatives (Table 2) . For Actibacter sediminis, Aestuariicola saemankumensis and Lutimonas vermicola, three fatty acid profiles have been reported and the above differences are consistently found (Table S2 ). The detailed comparison of the cellular fatty acid profiles is given in Table 2 and a comparison including the phylogenetically more distantly related species Tenacibaculum crassostreae JO-1 T (Lee et al., 2009 ), Maritimimonas rapanae A31 T ) and 'Marinitalea sucinacia' JC2131 (Kim et al., 2011) in Table  S2 . The polar lipid profiles of both strains were similar to those reported from the most closely related species Actibacter sediminis, Aestuariicola saemankumensis, Lutimonas vermicola and Namhaeicola litoreus (Jung et al., 2012) as the only detected phospholipid was phosphoethanolamine and glycolipids were absent (Fig. S3) . The major isoprenoid quinone of both strains is MK-6, which is characteristically the major or only respiratory quinone in members of the family Flavobacteriaceae (Bernardet et al., 2002) . The DNA G+C content is 31.1 mol% and 30.7 mol% in VI.14 and VIII.04 T , respectively, which is lower than the values reported for the most closely related genera (Table 1) , but in the reported range for members of the family Flavobacteriaceae (27-44 mol%) (Bernardet et al., 2002) .
Based on the low levels of 16S rRNA sequence similarity to known described species of the family Flavobacteriaceae, the grouping in the phylogenetic analyses and the ready differentiation from their closest phylogenetic neighbours by several phenotypic and biochemical properties (Tables 1  and 2 ), we suggest that strains VI.14 and VIII.04
T are representatives of a new genus and novel species within the phylum Bacteroidetes, for which the name Aureivirga marina gen. nov., sp. nov. is proposed.
Description of Aureivirga gen. nov.
Aureivirga (Au.re.i.vir9ga. L. adj. aureus golden; L. fem. n. virga rod; N.L. fem. n. Aureivirga the golden rod).
Cells are aerobic, Gram-staining negative, non-motile, catalase-positive and oxidase-negative rods. The nondiffusible pigment is not of the flexirubin-type. Nitrate is reduced to nitrite. The predominant respiratory quinone is MK-6. The predominant fatty acids (.10 %) are iso-C 15 : 0 and iso-C 17 : 1 v9c. The type species is Aureivirga marina.
Description of Aureivirga marina sp. nov.
Aureivirga marina (ma.ri9na. L. fem. adj. marina of or belonging to the sea, marine). Exhibits all the characteristics given in the genus description. The curved rods are around 0.5 mm wide and 4-5 mm long. Cells can be lysed with 3 % KOH and are positive in the aminopeptidase test. Colonies on MA are circular, entire, convex with golden-brown to orange colour. Cells do not adsorb Congo red. Growth is observed at a temperature range of 15-37 uC, but not at 10 or 40 uC. The type strain VIII.04 T grows at sea salt concentrations of 2-8 %, at NaCl concentrations of 2-5 % and at pH 6-9, while the second strain of the species, VI.14, has a narrower spectrum with growth occurring at sea salt concentrations of 3-7 %, at NaCl concentrations of 3-5 % and at pH 7-8. The detailed fatty acid profile of the species is given in Table 2 . The only phospholipid detected was phosphoethanolamine. Glycolipids are absent. The API ZYM kit shows the presence of alkaline phosphatase, C4 esterase, leucine, valine and cysteine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase in both strains. On the other hand C8 esterase lipase, C14 lipase, trypsin, achymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are absent. In the API 20NE kit nitrate is reduced to nitrite and gelatin is hydrolysed. Indole is not produced, D-glucose is not fermented, aesculin is not hydrolysed, and arginine dihydrolase, urease and b-galactosidase are absent. None of the carbon sources (D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid) are assimilated. Growth occurs on peptone, yeast extract, malt extract, tryptone, casein, tween 20 and L-glutamic acid, but not on starch, citrate, pyruvate, acetate, glycerol, succinic acid, glucose, sucrose, D-(+)-galactose, D-sorbitol, L-malic acid, oxalic acid, formate, urea, polyethylenglycol, 4-aminobenzoic acid, glycine, L-proline, L-leucine, L-alanine, L-cysteine and L-tryptophan. Casein is hydrolysed, but crystalline cellulose, agar and starch are not.
The type strain is VIII.04 T (5ATCC BAA-2394 T 5LMG 26721 T ). Both examined strains were isolated from the Mediterranean sponge Axinella verrucosa collected off the Israeli coast near Sdot Yam.
